Background: Evidence that blacks have greater left ventricular mass (LVM) than whites has been demonstrated by large population-based American studies. However, to our knowledge, there is no study to date comparing LVM in Black Sub-Saharan Africans (BSSA) and the Maghreb white population. We compared LVM measured echocardiographically in asymptomatic BSSA and Maghreb. Methods and Results: A total of 100 asymptomatic BSSA and 189 Maghreb, (18 to 55 years old), underwent resting two-dimensional transthoracic echocardiography. LVM and geometry were assessed according to the 2015 American Society of Echocardiography and the European Association of Cardiovascular Imaging updated guidelines for cardiac chamber quantification. Crude or indexed LVM to body surface area or height 2.7 was similar in BSSA and in Maghreb (132.7 ± 37.0 vs. 134.2 ± 35.7 g; 73.1 ± 17.8 vs. 72.9 ± 16.2 g/m 2 ; 32.1 ± 9.8 vs. 33.6 ± 9.5 g/m 2.7
blacks and whites [2] . Left ventricular mass (LVM) reflects hemodynamic, neurohormonal, humoral, metabolic, and genetic disorders [3] [4] [5] . Environmental factors also influence LVM [6] [7] . Left ventricular hypertrophy (LVH) is an adaptive response allowing a normal ejection fraction despite abnormal pressure and/or volume load [4] [8] [9] . However, recent studies over many years [10] [11] [12] [13] have shown the importance of LVH as a subclinical marker of cardiovascular disease. Indeed, LVH is considered a cardiovascular risk factor (CVRF) [13] [14] . Its value in predicting cardiovascular events has been widely demonstrated in subjects with [10] [13] and without coronary artery disease [15] or heart failure [16] . LVM correlates closely with the incidence of heart failure, stroke, coronary disease [17] , and overall mortality [18] . A reduced incidence of cardiovascular events is also noted after lifestyle modification and/or pharmacological treatment to reduce LVM [16] [19] .
LVM is determined by heritable genetic factors [20] as well as environmental factors, the latter including diet and physical activity. It was recently demonstrated that a diet low in animal fat and high in vegetables, fruit, and monounsaturated fatty acids is associated with a low LVM [21] [22] and low cardiovascular risk. Physical activity reduces LVM [23] , while physical inactivity is associated with increased LVM in whites but not in blacks [7] .
The evidence that blacks have a greater LVM than whites do is almost indisputable [24] . LVH is more prevalent in blacks than whites [25] and is also more closely linked to the risk of cardiovascular mortality in African Americans than it is in whites [26] . Disparities in LVM and LVH are likely to explain a large part of the increased cardiovascular mortality in blacks [25] .
Differences in LVM between African Americans and white Americans are widely described in the literature. However, to our knowledge, there is no study to date comparing LVM in black sub-Saharan Africans (BSSA) with that of the haran students, especially Francophone sub-Saharans. This study compared a BSSA student population living in Marrakech with a Maghreb student population living the same city.
Recruitment Strategy
Investigators: The investigation team consisted of senior residents of the Cardiology Unit of Cady Ayyad University. The principal investigators (BKP and CA) introduced the study, explained the goals, described how the study was to be performed, and described the responsibilities of each investigator. The principal investigators attended staff meetings to discuss and answer any questions the investigator team had. A pre-test session was conducted asking a dozen students to evaluate the questionnaire, to test the appropriateness of the data collection sheet, and to assess the ability of the investigators to apply the protocol correctly. 
Data Collection
Left ventricular measurements were taken according to the 2015 American Society of Echocardiography and the European Association of Cardiovascular Imaging updated guidelines for cardiac chamber quantification [27] , using an HD 15 Sonos 5500 (Phillips Medical Systems, Andover, MA, USA) ultrasound system equipped with 2.5, 3.5, and 5.0 MHz transducers. Three measurements were taken for each variable, with the mean value used in analysis. Images were stored for subsequent validation by a team of three skilled training specialists of the CHU Mohammed VI echocardiography laboratory. Two-dimensionally guided M-mode echocardiography was performed on a parasternal long-axis view. Interventricular septum (IVS) thickness in diastole (IVSd) in mm, left ventricular posterior wall (PW) thickness in diastole (LVPWd) in mm, and left ventricular end-diastolic diameter (LVEDd) in mm were measured at end-diastole at a level just below the mitral valve leaflets. Simultaneous ECG was used to correlate measurements with the cardiac cycle. Diastolic wall thickness was measured at the onset of the QRS wave. LVM was calculated according to the American Society of Echocardiography simplified cubed equation linear method using the following equation: LVM (grams) = 0. 
Statistics
After encoding and validation, the data were entered in a computer using 
Ethics and Consent
This research was conducted in strict compliance with the recommendations of the Helsinki Declaration III. All respondents were briefed on the conclusions drawn from their investigations. Approval was obtained from the ethics committee of Cady Ayyad University. Each participant provided written informed consent. They had also a higher prevalence of both total and abdominal obesity. When comparing the parameters of blood pressure, Maghreb had higher SBP, while the other parameters including DBP, MBP and PP did not differ between the two ethnic groups. The prevalence of hypertension and diabetes mellitus was similar in the two ethnic groups.
Results
Electrocardiographic and echocardiographic characteristics of the two ethnic groups are shown in Table 3 . QRS and QTc duration were the only ECG parameters that differed between the two populations, with a significantly longer average duration among Maghreb. The same table shows a significantly higher LVEDd among Maghreb than among BSSA, but this difference disappeared when indexed to BSA. LVPWd was significantly greater among BSSA than among
Maghreb. This difference persisted after adjustment for confounding factors (BMI, WC, HR, and fat mass). The differences observed for all other echocardiographic parameters were not statistically significant, including LVM for which the means of the two groups were similar regardless of the mode of Indexing. 
Discussion
This is, to the best of our knowledge, the first population-based study to evaluate LVM was evaluated using resting two-dimensional transthoracic echocardiography, long considered the gold standard for measurement of LVM. Magnetic resonance imaging is more accurate than echocardiography [30] , so it might be expected to supplant echocardiography. Indeed, the recommended formula for echocardiographic estimation of LVM uses linear measurements based on the assumption that the LV is a prolate ellipsoid of revolution, whereas cardiac magnetic resonance models of the LV free of geometric assumptions or acoustic window dependency, yielding better accuracy and reproducibility. However, echocardiography remains the most commonly used imaging modality due to its widespread availability and lower cost. Because it remains the clinical standard, this study used transthoracic echocardiography to measure LVM.
The results of this study contrast with the vast majority of studies that have investigated this issue and which have reported a greater LVM and prevalence of LVH in blacks than in whites [25] [31]- [37] .
An old meta-analysis by Devereux et al. reviewed nine previous studies looking at ethnic disparities in LVM and authors reported that LV wall thickness but not LVM was consistently greater in blacks than in whites. That analysis recalls the often forgotten fact that thick walls are not the same as LVH, even LV wall thickness is commonly considered a surrogate for LVM, so that wall thickening is equated with LVH. In reality, this overlooks the relationship between LV volume and wall thickness. The 2015 ASE guidelines for chamber quantification [29] describe a normal LV wall thickness (IVS or PW) as 0.6 -1.0 cm for males and 0.6 -0.9 cm for females. An increased wall thickness may be suggestive of LVH, but as an isolated number it gives no information about LVM or LV modeling. Indeed, LVM is estimated by calculating the total heart volume (epicardial volume) minus the volume of blood in the cavity (endocardial volume), resulting in myocardial volume, and then multiplying by the specific gravity of tissue (1.05). In our study, BSSA had significantly thicker LVPWd than Maghreb, but the LVM did not differ between the two ethnic groups.
LVM is determined by heritable genetic [12] and environmental factors. The historical and ethnic origins of the participants of this study both suggest genetic differences between these two populations. The impact of genetics is often cited to explain ethnic disparities in LVM. But phenotypic manifestations are related to both genetic and environmental factors. In this study, the main environmental factors that may interact with genetics to affect LVM were unevenly distributed between the ethnic groups. The BSSA were less obese and more physically inactive than the Maghreb, while the opposite was observed in the American population, where blacks were more obese and had a higher LVM than whites. It has been postulated that the higher prevalence of obesity in African American populations explains the greater prevalence of LVH, but Mark et al. showed that this ethnic disparity persisted after adjustment for body composition [16] .
Limitations of the Study
A limitation of this study is that BSSA participants were drawn from a migrant population, whose lifestyle therefore does not necessarily reflect that of their country of origin.
Conclusion
BSSA had thicker LVPWd than the Maghreb, while the two ethnic groups had similar LVM. Genetic and environmental factors that influence LVM differ from one ethnic group to another and from one person to another both in nature and magnitude. This probably explains both the differences and similarities in LVM between two ethnic groups, as well as between two individuals.
